In this study experiments primarily aimed at the needs of specification of an adequate soil reserve of labile sulphur were extended by investigations of the impact on interactions in nutrient uptake by a test barley plant. Vegetation (18-day) experiments under controlled conditions of cultivation were conducted on a diverse set of 48 soils from agricultural lands. Before barley sowing the experimental set of soils was divided into two variants: A -control (with NH 4 Cl application) and B -response variant [with (NH 4 ) 2 SO 4 application], and a uniform dose of 26 mg N/kg soil was used. A�er the experiment terminated, concentrations of N, N-NO 3 -, S, S-SO 4 2-, P, K, Mg, Ca, Na, Mn and B were determined. Paired t-test revealed significant differences between the sets of data on variants A and B in barley yield and concentrations of sulphur, sulphate, nitrate, phosphorus and boron in barley plants. Sulphate variant (B) had higher yield of barley, higher concentrations of sulphur, sulphate and boron and lower concentrations of nitrate and phosphorus compared to variant A. The lower concentrations of nitrate and phosphorus could not be reasoned by the effect of dilution resulting from the higher barley yield. A substantial decrease in nitrate concentration was related to be�er utilisation of plant nitrogen a�er the nutrient status of soil was adjusted with sulphur. Phosphorus concentration in barley adequately corresponded to the soil reserve of labile phosphorus, but only a�er the phosphorus concentration in barley markedly decreased to the lower level in (sulphate) variant B. Higher concentration of boron in barley could potentially be related to the depression of phosphorus uptake a�er sulphate application.
Balanced nutrition of field crops is an important prerequisite of plant production effectiveness and quality. The knowledge of potential nutrient interactions in soil and in the proper nutrition of the crop at a site and discovery of new interactions are important for more exact adjustment of the nutrient status of soil and plants by the technology of rational fertilisation. Unfortunately, most nutrient interactions were determined in experiments on plants in hydroponic and sand cultures. From the optimisation aspect of the promotion and control of soil fertility the interactions concerning field conditions are crucial. Wilkinson and Grunes (2000) summarised recent findings of nutrient interactions in relation to soil. The knowledge of interactions that influence the chemical composition of plants is also necessary for correct interpretation of plant analyses when the nutrient status of crops is diagnosed (Jones et al. 1991) .
Besides research on an adequate concentration of labile sulphur in the soil reserve (Matula 2004) a further objective of this study was to conduct experiments aimed at a potential impact on changes in the chemical composition of the test plant (barley) grown under controlled conditions of cultivation on a diverse set of soils from agriculturally important localities in the Czech Republic.
MATERIAL AND METHODS
In vegetation experiments under controlled conditions of cultivation with test plant barley cv. Akcent forty-eight soils from 28 localities of the CR were used similarly like in the paper by Matula (2004) . Table 1 shows data on the nutrient status of these soils. The choice of soils for vegetation experiments was aimed at the largest possible range of the actual reserve of labile sulphur in soils of agricultural lands in the CR in relation to different soil texture. Two variants (A and B) of each soil were used with four replications of each variant: -variant A (chloride one), application of 2.62 mg N per vegetation pot in the form of NH 4 Cl -variant B (sulphate one), application of 2.62 mg N per vegetation pot in the form of (NH 4 ) 2 SO 4 NH 4 Cl and (NH 4 ) 2 SO 4 were applied in 10 ml of salt solution with pipette onto the surface of the substrate in a vegetation pot (100 g of soil mixed with 80 g of coarse-grained quartz sand) before 15 barley seeds were planted. Barley seeds were covered with 25 ml of coarse-grained quartz sand. After emergence the number of plants per pot was adjusted to ten. The moistening of the substrate in vegetation pots was differentiated on the basis of an experimentally determined relation of field water capacity of the soil to the value of its cation exchange capacity (CEC) (Matula et al. 2000) . In the vegetation period the moisture content was regularly adjusted according to the weight loss of vegetation pot.
Cultivation took place in a climate chamber under the light and temperature regime: daylight 16 h, 20°C; dark 8 h, 15°C; photosynthetic active radiation 500 µE/m 2 /s. The additional N-fertilisation of 6 mg N per pot, as solution of NH 4 NO 3 , was applied with watering on days 4, 7, 9, 11 and 14 from the experiment establishment. The experiment terminated after 18 days of cultivation. Harvested barley shoots were immediately dried at 65°C. The mineralisation of barley dry matter was carried out in a MILESTONE microwave device in the medium of nitric acid and hydrogen peroxide to determine the contents of elements (K, Mg, Ca, Mn, S, B and Na) on an ICP-OES Trace SCAN apparatus (Thermo Jarrell Ash). The content of total nitrogen and phosphorus was determined in a mineralisate of sulphuric acid with the addition of salicylic acid on a Sun Plus System SKALAR analyser. Nitrate and sulphate content in barley dry matter was determined in water extract also on a SKALAR analyser.
Statistical programme GraphPad PRISM, Ca., USA, version 3.0 and Microsoft Excel 2000 were used for experimental data processing.
RESULTS AND DISCUSSION
Paired t-test indicated statistical significant differences between the sets of data from (chloride) variant A and (sulphate) variant B only in the yield of barley shoot biomass and in concentrations of sulphur, sulphate, nitrate, phosphorus and boron in barley shoot biomass ( Table 2 ). The higher value of average yield of barley shoot biomass in sulphate variant was in accordance with the primary objective of the experiment (Matula 2004) to verify the adequate soil reserve of labile sulphur. Table 1 shows that the experimental set comprised a majority of soils with sub-optimum soil reserve of labile sulphur that were identified in the paper by Matula (2004) . The higher values of sulphur and sulphate concentrations in barley shoots in variant B were in agreement with this primary objective of the experiment (Table 2) There were no significant differences in nitrogen concentration in barley shoots between the sets of data on variant A and B. Naturally, if nitrogen concentration was converted to nitrogen uptake by the yield of barley shoots, the differences between the sets of data on the two variants were statistically significant as there were significant differences in barley yield. Figure 3 shows differences in the distribution of nitrate concentration between variant A and B. A marked a depression of nitrate concentration in barley plants in sulphate variant documents the need of adequate sulphur nutrition for the effectiveness of nitrogen metabolism (Dwivedi and Bapat 1998 , Ahmad et al. 2001 , Munshi and Juneja 2001 . In sulphur-deficient nutrition of plants the process of nitrogen metabolism is disturbed and nitrate accumulation occurs. The assumed antagonistic chloride and nitrate interaction (Inal et al. 1999) could not be expressed in our experiments due to the insufficient soil reserve of labile sulphur. Figure 4 illustrates a trend of the relation of nitrate concentration in barley to the soil level of labile sulphur. The trend of a decrease in nitrate concentration in barley was obvious in variant A, i.e. without sulphate application. The closeness of the trend was highly disturbed by a high nitrate concentration in barley cultivated on soil 48. A more comprehensive approach to the nutrient status of this soil (see Table 1 , and data in Matula 2004) reveals marked disharmony of nutrients, particularly caused by the extreme level of potassium and phosphorus. The extreme content of potassium in barley (87 g K/kg dry matter) was correlated with high content of exchangeable Bin Center potassium in soil 48 (1331 mg K/kg). We can assume that surplus potassium was localised in cell vacuoles where it participated in the balancing of anion NO 3 -, the acid-base mechanism of ion balance maintenance -electroneutrality. It could be a reason for such a marked deviation from the trend of correlation field. The example of soil 48 also signals and accentuates the importance of balanced soil reserve of nutrients for the implementation of harmonic nutrition of plants that is a prerequisite of effective utilisation of nutrients taken up by plants for yield formation.
Phosphorus concentration in barley was significantly lower in the set of data on variant B (i.e. sulphur variant) compared to variant A (Table 2 ). Figure 5 shows the distribution of occurrence frequency of phosphorus concentrations within the data on variants (A and B) . The lower phosphorus concentration in variant B cannot be fully explained by the effect of nutrient dilution in connection with the higher yield of barley shoot biomass because the difference was significant again after the phosphorus concentration was converted to its uptake by yield (Table 2 and Figure 6 ). The distribution of phosphorus concentration and its uptake by barley are in good correlation with the reserve of labile phosphorus in the set of used soils (Figures 7 and 8) . Because no marked competitive relations are assumed in the uptake of anions by plants (Mengel and Kirkby 1982) , the cause of the difference in phosphorus concentration in barley is ambiguous. Yadav and Yadav (1998) , who studied chloride and sulphate salinity in the pea (from 10 to 40mM), reported a generally better response to phosphorus in chloride variant compared to sulphate one. In our experiments, the application of chlorides and sulphates in relation to soil irrigation approached maximally the concentration of 10mM. In interaction through soil better conditions for phosphorus uptake by plants are commonly reported due to the competitive adsorption of sulphates and phosphates by the clay fraction of soil (Geelhoed et al. 1997) . Figure 9 shows the distribution of boron concentration in barley shoot biomass in the set of data on variant A and B. The values of boron concentration in barley in the set of data on sulphate variant (B) were considerably higher (Table 2) . Jones et al. (1991) tion. They reported that the induced phosphorus deficiency increased boron content in leaves of grapevine and strawberries. Similarly in our experiments, in sulphate variant a decrease in phosphorus availability to barley was detected that was connected with higher boron content in barley. An antagonistic phosphorus-boron interaction was discovered in maize by Gunes and Alpaslan (2000) . The application of boron induced a decrease in phosphorus concentration in maize, and on the contrary, phosphorous fertilisation decreased boron uptake. Based on these results, phosphorous fertilisation was recommended to reduce boron toxicity on calcareous soils in semiarid areas. Khurana and Chatterjee (2002) and Sinha et al. (2003) described the interactions of boron, phosphorus and sulphur in mustard that were of synergistic nature. Figure 10 shows a trend of the relation of boron content in barley to the soil reserve of labile sulphur determined by H 2 O (1:5) S-soil test. In variant A the correlation was quite close, apparently the boron concentration in barley increased with increasing soil reserve of labile sulphur but only to the area of the maximum of the adequate soil reserve of sulphur (Matula 2004) . The relation of soil reserve of boron to phosphorus content in barley is represented in Figure 11 . A slight trend of phosphorus decrease in barley was measured for an increase in the boron level in soil in the area of the low soil reserve of boron. The correlation between an increase in phosphorus content in barley and an increase in the soil reserve of boron could potentially exist with the higher soil reserve of boron. Unfortunately, we do not have enough experimental data to confirm the validity of this correlation because our experimental set of soils comprised mostly of soils low in boron, which is typical of a majority of agricultural soil in the CR. 
